Coring during Integrated Ocean Drilling Program Expedition 320/ 321 recovered Eocene sediment sequences at Sites U1331-U1333. These sequences, originally deposited near the Equator of the Pacific Ocean, are characterized by major fluctuations in carbonate content, which may signify past changes in carbonate saturation horizons and perturbations in the global cycling of carbon. Stable carbon and oxygen isotopes were analyzed for 373 samples of bulk sediment across Eocene sequences in Holes U1331C (n = 8), U1332A (n = 100), U1332B (n = 106), and U1333A (n = 159). Bulk carbonate δ 13 C and δ 18 O values for lower Eocene sediment at Site U1331 range from 0.9‰ to 1.6‰ and -0.89‰ to 0.19‰, respectively. Middle Eocene to lowermost Oligocene sediment at Site U1332 has δ 13 C and δ 18 O values between -1.02‰ and 5.06‰ and between -3.63‰ and 0.58‰, respectively. At Site U1333, values across middle Eocene to lowermost Oligocene sediment fluctuate between 1.41‰ and 3.49‰ for δ 13 C and between -1.85‰ and 0.28‰ for δ 18 O. The records are not straightforward enough to interpret with available information. Certain trends in Eocene bulk isotope records observed at other locations appear in the data. However, the absolute magnitudes and variance are significantly different.
Introduction
Profound changes in global climate and carbon cycling occurred during the Paleocene and Eocene epochs, including at the beginning (~65 Ma) and at the end (~34 Ma). These changes are evidenced in marine sediment by major variations in the stable oxygen and carbon isotope composition (δ 18 O and δ 13 C) of carbonate (e.g, Shackleton, 1986; Zachos et al., 2001 Zachos et al., , 2008 . Some Paleogene carbon cycle perturbations also appear to manifest as fluctuations in the lysocline and carbonate compensation depth (CCD) (e.g., Coxall et al., 2005; Bohaty et al., 2009; Leon-Rodriguez and Dickens, 2010) , depth horizons in the ocean that relate to ocean chemistry and the accumulation of carbonate on the seafloor (Boudreau et al., 2010) .
Long-term, low temporal resolution records of stable isotopes and carbonate accumulation have been available for years (e.g., Van Andel, 1975; Shackleton, 1986; Zachos et al., 2001; Rea and Lyle, 2005) . Higher resolution stable isotope and carbonate records also have been generated across shorter time intervals of the Paleogene at many locations. Over the last few years, however, it has become clear that the available records are inadequate to fully appreciate Paleogene climate and carbon cycling because the early Paleogene seems to have been far more dynamic than once envisioned. As a case in point, vigorous current debate concerns the magnitude of the carbon isotope perturbation and seafloor carbonate dissolution across the Paleocene Eocene Thermal Maximum (PETM) around ~56 Ma (Zeebe et al., 2009; Cui et al., 2011; Dickens, 2011; Sluijs and Dickens, 2012) , perhaps the best-studied event of the Paleogene. The now-abundant records spanning the PETM in marine sediment cores strongly suggest that the δ 13 C of carbonate depends on the location and phase of carbonate being examined (McInerney and Wing, 2011; Sluijs and Dickens, 2012) and that seafloor carbonate dissolution varied significantly between ocean basins (Zeebe and Zachos, 2007; Leon-Rodriguez and Dickens, 2010) . Similar issues regarding the magnitude of the δ 13 C excursion and carbonate dissolution appear to mark the Middle Eocene Climatic Optimum (MECO) (Bohaty et al., 2009 ).
Coring during Expedition 320/321 recovered middle and upper Eocene sediment sequences at Sites U1331-U1333 that accumulated on the seafloor near the Equator (see the "Expedition 320/321 summary" chapter [Pälike et al., 2010] ). From preliminary results, it appears that a series of carbonate accumulation events (CAEs) occurred in the equatorial Pacific during the middle and late Eocene (Pälike et al., 2010 (Pälike et al., , 2012 . These events were not obvious in previous CCD reconstructions (Van Andel, 1975; Rea and Lyle, 2005) . This may reflect the past locations and depths of various sites drilled so far in the region; in particular, Ocean Drilling Program (ODP) Sites 1215 and 1219-1221 were all further north and deeper in the middle Eocene. In any case, links between the newly discovered CAEs and global changes in climate and carbon cycling are not clear.
In this report, we present records of δ 13 C and δ 18 O for samples of bulk carbonate that accumulated during the Eocene at Sites U1331-U1333. Although it is tempting to link portions of these records with those published at other locations (e.g., Shackleton, 1986; Coxall et al., 2005; Bohaty et al., 2009) , additional analyses and work will be required to do this correctly. It also remains unclear how the isotope records relate to the CAEs from a mechanistic perspective.
Sites and samples
Sites U1331-U1333 (Fig. F1) are southeast of Hawaii in the central Pacific Ocean (see the "Expedition 320/321 summary" chapter [Pälike et al., 2010] The three study sites lie above oceanic crust of the Pacific plate that formed in the past at the East Pacific Rise (Pälike et al., 2010) . Site U1331 targeted basalt formed at ~53 Ma, Site U1332 targeted basalt formed at ~50 Ma, and Site U1333 targeted basalt formed at ~46 Ma (Pälike et al., 2010) . This is important because, given tectonic reconstructions for the region, the seafloor at the sites should have been near the Equator and much shallower during portions of the early to middle Eocene. Thus, although well below the CCD at present-day, the sites might contain intervals of carbonate deposited above the CCD in the past.
Recovered sediment at the sites was divided into units based on lithology (Pälike et al., 2010) . For this study, we mostly focus on lithologic Unit IV at Site U1332 and Units III and IV at Site U1333. These are nominally 60-80 m thick sediment sections that correspond to the middle and upper Eocene (Figs. F2,  F3) . Unit IV at Site U1332 comprises clayey radiolarian ooze, radiolarian ooze, radiolarian nannofossil ooze, nannofossil radiolarian ooze, nannofossil ooze, and porcellanite (see the "Site U1332" chapter [Expedition 320/321 Scientists, 2010c] ). At Site U1333, Unit III consists of similar lithologies, whereas Unit IV comprises nannofossil ooze and limestone (see the "Site U1333" chapter [Expedition 320/321 Scientists, 2010d]). A thin (~2 m) interval of lower Eocene nannofossil ooze and zeolite clay (Unit V) was recovered at Site U1331 (see the "Site U1331" chapter [Expedition 320/321 Scientists, 2010b]).
We collected 373 "tubes" (10 cm 3 each) of sediment ( Table T1 ). The samples span between 208.8 and 212.1 m core composite depth below seafloor, method A (CCSF-A) in Hole U1331C (n = 8), between 76.6 and 151.5 m CCSF-A in Hole U1332A (n = 100), between 74.3 and 157.5 m CCSF-A in Hole U1332B (n = 106), and between 132.5 and 203.5 m CCSF-A in Hole U1332A (n = 159). The CCSF-A depth scale results from aligning cores from multiple holes at a drill site (see the "Methods" chapter [Expedition 320/321 Scientists, 2010a]; Westerhold et al., 2012). Samples were taken from every core section in units of interest, with increased sampling resolution (every 10-15 cm) across the CAEs. Samples were selected to avoid disturbed intervals related to coring.
Methods

Sample processing
All samples were cleaned with 18 MΩ deionized water to remove salts that precipitate from interstitial water. Samples were then freeze-dried. After drying, the samples were split into two aliquots, one of ~0.5 g for stable isotope analyses and one of 2-5 g for future biostratigraphic and carbonate dissolution proxy analyses. Samples from the first aliquot were powdered and homogenized in glass mortars.
Geochemistry
Stable isotope analyses were conducted at the Stable Isotope Laboratory at the University of California, Santa Cruz (UCSC), USA. Initially, small portions of all samples were reacted "online" in orthophosphoric acid at 90°C to generate CO 2 and H 2 O. After separating the water and noncondensable gases, CO 2 was introduced into a Fisons Prism III dual-inlet isotope ratio mass spectrometer (IRMS).
Selected samples across the three sites have a very large range in carbonate content, including some with probably <0.5% CaCO 3 . Early on, it became clear that some samples could not be analyzed for stable isotopes using the current setup for the Prism IRMS at UCSC. For these samples, a different configuration was used that allowed a much greater sample size. Solid samples (as much as 20 mg) were placed in an individual-vial acid-drop ThermoScientific Kiel IV carbonate device. Samples were reacted in orthophosphoric acid at 75°C to generate CO 2 and H 2 O. After separating the water and noncondensable gases, CO 2 was introduced into a ThermoScientific MAT-253 dual-inlet IRMS. Importantly, several samples were analyzed by both methods (Table T1 ) to assess results from the two approaches.
During all analytical runs, a calibrated in-house standard (Carrera marble) was used to correct for drift in stable isotope values. Two National Bureau of Standards (NBS)-19 limestone samples were also analyzed in each run to monitor accuracy and precision. Based on these replicate analyses, precision is better than ±0.05‰. However, this does not extend to the samples with very low carbonate content. Corrected delta values from the instruments were then expressed relative to Vienna Peedee belemnite for δ 13 C and δ 18 O.
The Kiel-MAT 253 configuration generates a measurement of CaCO 3 equivalent weight in the sample. This can be divided by the total sample weight to calculate carbonate content (Table T1) . We have not yet evaluated the accuracy of these values.
In theory, carbonate content can also be generated using the Prism configuration because measurements on the pressure transducer on the automated carbonate preparation line relate to calcium carbonate mass. These measurements can be calibrated to mass and then divided by the sample weight. However, with these particular samples, the accuracy and precision were poor, and we do not report the data.
Results
Analytical issues
Major difficulties were encountered during analysis of the suite of samples selected from Sites U1331-U1333 for stable isotopes. This is because the carbonate content varies significantly across the depth intervals of interest, from 0% to 3% at Site U1331, 0% to 60% at Site U1332, and 0% to 90% at Site U1333 (see the "Site U1331," "Site U1332," and "Site U1333" chapters [Expedition 320/321 Scientists, 2010b , 2010c , 2010d . We tried to circumvent this issue for samples with low carbonate content by increasing the sample size and using a different mass spectrometer configuration (see "Methods"). This appears to have been successful in some cases, but not in others. Importantly, stable isotope analyses for samples examined by both instrumental configurations give fairly similar values, especially for δ 13 C.
We present all data obtained (Table T1 ) but flag those samples with essentially zero carbonate. Stable isotope data for these samples probably has little paleoceanographic significance, and we do not discuss them below.
Bulk carbon isotopes
Carbon isotope compositions of six samples from Site U1331 range from 0.9‰ to 1.6‰ (Table T1) . According to the "Site U1331" chapter [Expedition 320/321 Scientists, 2010b), the samples lie just below the apparent Chron C23n.2n-C23r boundary (201.5 m CCSF-A; 51.74 Ma) but span the top occurrence of the calcareous nannofossil, Tribrachiatus orthostylus (203.47 m CCSF-A; 50.7 Ma). It should be noted that these interpretations lead to problematic stratigraphy. In any case, the samples likely accumulated after the start of the Early Eocene Climatic Optimum (~52.5 Ma). The  13 C numbers are consistent with this view, as they are similar to bulk carbonate  13 C values determined at other locations during the early Eocene (e.g., Shackleton, 1986 ).
The 
13 C values at Site U1332 fluctuate between 1.02‰ and 5.06‰ (Fig. F2) . The lower middle Eocene section, between ~118 and 152 m CCSF-A, shows a relatively steady pattern, in which  13 C values average 2.1‰ ± 0.2‰ (1). Such values are consistent with other stable isotope records of bulk sediment deposited during this time (e.g., Shackleton, 1986). However, major fluctuations in the  13 C record are observed in upper middle Eocene and upper Eocene sediment from ~80 to 118 m CCSF-A. In this interval,  13 C values average 3.2‰ ± 0.8‰ (1); this includes several samples with  13 C between 4‰ and 5‰. The extreme variance and exceptionally 13 C-enriched conditions arise in samples from both Hole U1332A and U1332B and from both IRMS configurations; they are not a result of analytical error. On the other hand, this part of the  13 C record does not conform to that generated at other locations (Shackleton, 1986; Bohaty and Zachos, 2003; Bohaty et al., 2009 ), including at Site U1333 (Fig. F3) . Samples from the uppermost Eocene and lower Oligocene (74-80 m CCSF-A) have  13 C values that average 1.6‰ ± 0.2‰ (1) that may capture the drop and rise in  13 C spanning the Eocene/Oligocene boundary (e.g., Shackleton, 1986; Coxall et al., 2005) .
At Site U1333,  13 C values vary between 1.41‰ and 3.49‰. Samples from between 175 and 204 m CCSF-A, which corresponds to the lower middle Eocene, are again characterized by relatively steady values. The  13 C values average 2.0‰ ± 0.1‰. Above, between 136 and 175 m CCSF-A,  13 C values are generally higher and more variable, averaging 2.4‰ ± 0.4‰. This is similar to observations of upper middle to upper Eocene sediment at Site U1332, except the extreme positive values are absent. The uppermost interval of the studied section, between ~131 and 136 m CCSF-A, spans the Eocene/Oligocene boundary and is characterized by a prominent 1.0‰ drop followed by a 0.6‰ rise in  13 C, a feature observed in other bulk sediment records (e.g., Shackleton, 1986).
Bulk oxygen isotopes
The  18 O of the samples from Site U1331 range from -0.87‰ to 0.19‰ (Table T1) . These values display a similar range but are slightly more depleted in 18 O than corresponding samples in other bulk sediment  18 O records (Shackleton, 1986) . Recall, though, that Site U1331 was near the Equator; therefore,  18 O values of carbonate should be more depleted than those from locations at higher latitude, assuming temperature influences bulk sediment oxygen isotope compositions.
At Site U1332, 
18 O fluctuates between -3.63‰ and 0.58‰ (Fig. F2) O than in comparable records, although the rise across the Eocene/Oligocene boundary is of similar magnitude (Shackleton, 1986) .
Oxygen isotope values vary between -1.85‰ and 0.28‰ across samples at Site U1333. In the lower middle Eocene section,  18 O averages -0.9‰ ± 0.3‰. This is somewhat similar to the comparable interval at Site U1332. As at Site U1332, overlying sediments between 136 and 175 m CCSF-A have a higher average and greater range in  18 O (-0.75‰ ± 0.4‰). Samples spanning the Eocene/Oligocene boundary have an average  18 O value of -1.1‰ ± 0.6‰. As at Site U1332 and other locations, a rise of at least 1.0 ‰ explains much of the variance.
Summary
The stable isotope records of bulk Eocene sediment at Sites U1331-U1333 are intriguing but complicated. First, they are necessarily incomplete because some depth intervals contain no carbonate. This is especially true at Sites U1331 and U1332. Second, the absolute values of  13 C and  18 O differ from bulk carbonate records constructed at other locations. Upper Eocene sediment at Site U1332 has  13 C values that are anomalously high relative to similar-age pelagic sections. Sediment at all three sites has  18 O values lower than corresponding records generated elsewhere. Conversely, certain features and intervals in the isotope records appear correlated to records at other locations and may provide important information concerning the paleoceanography of the equatorial Pacific during the Eocene.
At least five future tasks are required to fully understand our records: Figure F1 . Location map for Sites U1331-U1333 in the Pacific Ocean (see the "Expedition 320/321 summary" chapter [Pälike et al., 2010] ). F.Z. = fracture zone.
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